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OF AIRPLANES IN STEADY

SUNLIIARY.

Vi’hisinvestigation was carried out by the Xational Advisory Committee for Aeronautics at
request of the Army Air Service to pro-ride data concerning the small angular oscillations

of se-i-era] types of airplanes in steady flight under -rarious atmospheric conditions. The data are
of use in the design of bomb sights and other aircraft. ins&uments. T~e method used consisted
in flying the airpIane steadily in one direction for at least one minute, while recording the angle
of the airplane with the sun by means of a Lpograph. The results show that the osculations
differ but little for airplanes of mrious types, bui tha! the condition of the atmosphere is an
important factor. The average an=gdar excursion from the mean in smooth air is 0.8° in pitdl,

1.4° in rolI, and 0.9°inyaw, without speciaI instruments to aid the pflot in ho~ding steady con-
ditions. In bumpy air the values given above are increased about 50 per cent.

iNTRODUCTION.

In the design of bomb~~ and na-@ation instruments it is usualy desired to provide a
reference platform which wiU hoId as nearIy as possible a constant horizontal position. For this
purpose it is necessary to know the character of the airphme motions, particnkdy the smaII
anguhzr ones occurring in steady flight.

Apparently the only data previously awdable are those incorporated in R. & K No. 2131

and R. & M. No. ,$22.2 These tests are cpite complete, but were made only in smooth air.
They will be referred to again as a means of comparison.

The present tests were made w-i~hfour types of airpkmes at speeds co-rering the usual Hying
range and under aU air condiiions$ giving data that should be sticiently complete to cover
the required fieId,

ALRPLANES AND APPARATUS.

The foIlowing airplanes -were used in this test:
(1) A J.N47Ltraining airplane with standard rigging and normal load. The kymo-

graph was mounted on a rigtid support in the rear cockpit.
(2) A fia~ KE–7 ad-winced trai&g a@ane with standard ;gging. The kymograph

was mounted on the rear center sectiou strut.
(3) A standard DE-4B.
(4) A standard Martin bomber without load.

In the last two airplanes the kymograph was mounted on the gun ring.
The approfiate characteristics of these four airplanes is gi~en in Table

sake of comparison:
TABLE I.

I below for the ‘

I ~

Wei@t durfng test . . .._... pomds. . — ---1-12,203 1 ,2,1C0 3, ma
Spm . . . . ..- . . . . . ..-... -.-- . . . .. feet.. &l
Tqmea . . . . . . . . . . . . ..qmrefeet.. ~~~ 6X! I I, C&l
EImepowec. . . . . . . . . . . . . . . . . . . . . . . . . Igg ml ‘1 ‘1

.

L The OseiIIations of a Airpkme in FIight and thefi Effect on the .kccumcy of Bomb Dropping.

: %elimina~ Tests on the Itollfmg and Pitching of a HandIey Page MrJchiRG
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The kymograph used for this testis shown in Figure 1. It was designed to be rigid and comp-
act as it had to be mounted in the air stream. A special type drive 9 -was developed to give a

~_______
—-

IJIG. l.—N-. A. C. A. k~ogrrq>l)

. .
constant film speed with a ~ery flexible connec-
tion to the instrument itself. The record is taken
on positive moving-picture film mounted on a
revolving drum, the sp’ccd of which was in all
cases 0.024 inch per second, gi~ing n total time
of about 10 minutes for a complete revolution.
An angle of 1° is reprcscntd on tho film by a
distance of 0.029 inch. This instrument proved
entire] y satisfactory throughout the tests.

The air speed was measured by tho regular
air-speed meter in the airplano with no calibra-
tion correction. The altitude of Lhe tests varied
between 1,000 and 5,000 feet, according to the
air conditions. The pilot flew the airplano in
each case as he would in approaching a bombing
target, and it is probable that the steadiness of
flying was not the maximum thah codd bc
obtainccl with mtremc cam and instrurnon M
guides.

RESULTS.

As the actual kymograph lecords were very numerous, and as some were too faint for clear
~eproduct~on, It was thought confusing to show allj so only a few typical ones aro given m
Figure 2.
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The important e.haracteristics of aU of the kymograph cur-r% are summarized in Table 11
bekm:

TABLE H.
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Do . . . . . . . . . . . . . . ..do . . . . . . . . . . . . . A\-erase . . . . . . . . . . .
[)o . . . . . . . . . . . . . . ..da . . . . . . . . . . . . . Bumpy . . . . . . . . . . .

RoIL . . . . . . . . . . . . . . . . . ..do . . . . . . . . . . . . . Srmoth . . . . . . . . . .
Do . . . . . . . . . . . . . . ..do . . . . . . . . . . . . . Avmage . . . . . . . . . . .
Do . . . . . . . . . . . . . . ..do . . . . . . . . . . . . . Bumpy . . . . . . . . . .
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The air condition termed ‘(smooth” signifies air that has only small and infrequent bumps;
“average” air is the condition usual~y prevailing on a bright day at low altitudes and is charac-
terized by small and medium bumps at rather frequent intervals; and “bumpy” air indicates
the frequent occurrence of large bumps, It is, however, impossible at the present time to make
any quantitative estimate of bumpiness so that the terms used here give only a rough indication
of the air condition.

It was noted that most of the records showed a long and a short period oscillation which ap-
pear fairly distinct after careful examination, The peiriod of both the long and the short oscilIrw
tion is plotted in Figures 3 to 5.

The long period in pitch increases from 10 seconds at 60 miles an hour to about 30 seconds
at 100 miles an hour and represents the natural period of the airplane, as can be clearly seen
by comparison with the pitching curves given in N. A. C. A. Report No. 170. The shor~ oscil-
lation of from 2 to 4 seconds seems to decrease with an increase in air speed.
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In yaw and roll the long period is not as definite as in pitch, but it evidently varies only
slightly with the air speed and has a period of about 10 seconds. This is probably an oscillation

inherent in the airplane. The short-period oscillation is of about the same frequency in pitch,
roll, and yaw.

This short oscillation is very inter-esting, as it indicates a definite air structure with a periodic
length of about 300 feet. It should not ho concluded that this means a continuous train of

vortices of this size, but only that this size distinctly predominates O-W other sizes. AnoLhw
explanation may be that the airplane itself has a natural period of two to four seconds and thaL
this oscillation is excited only when it encounters air gusts of approximately that period. h

fact, mathematical studies have shown that an airplane has a short period of somewhat this
length, but very highly damped, and it is possible that in bumpy air this short period might
come into evidence. The series of kymograph regords shown in Figure 2 brings out clearly

this small oscillation with variation in air speed. If this is caused by air structure and this air
structure was found to be unif orm from time to time, such records as these might serve to roughly

measure the air speed of an airplane or the wind past a stationary object, It is interesting tO
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note that Mr. Lucas in R. & M. No. 213 states that in bumpy air a short period of 2+ seconds
was observed, thus agreeing well with the present values.

The values for Iong-period oscillation as giv-en in Table 11 are seen to be in fair agreement
with the results published in R. & M. ATO.213 and R. & M. hTo. 422, which are:

Airplane. . . . . . . . . B. E.2G. 1~~

1

.

s% !S#~.
Pitch . . . . . . . . . . . . . . . . .

‘1

. .

RoIL . . . . . . . . . . . . . . . . . . 30-
Yaw . . . . . . . . . . . . . . . . . . 2U ----------

Turning now to the amplitude of the oscillation, it was thought besi to give the ma.simum
and average angular excursion, refa~ only to the long oscillation as the others are of small
range. The amplitude does not appear to vary appreciably with the type of airplane. How-
ever, the largest machine, the Wrtirt bomber, is slightIy steadier than the other machines,
although no hard and fast conclusions can be drawn from the limited number of runs avaikble
on this machine. On the other hand, the amplitude does vary markedIy with the air conditions,
as ca~ be seen from the averages given at the bottom of Table 11. Bumpy air increases the
ampIitude in all cases aboui 50 per cent over the conditions in smooth air. On the other hand,
&heamplitude in roil is about 50 per cent greater than in pitch and yaw, and ih seems improbable
that it can be held much below 2° of a-wrage excursion, and at times it may reach 5“ if the air
k bumpy.

When the displacements of the small oscillations are examined, it appears that they are of
less magnitude at high speed, due to the greater aerodynamic damping, and because each air
current has less time to act on the airpkne.

Again referrirg to the British tests, it is seen that the agreement is good:

\EamueylAirplane. . . . . . . . . . B. E. 2C. ~We

1

4

Pitch

.._

. . . . . . . . . . . . . . . . . U6:0 ~~go=
RoE. . . . . . . . . . . . . . . . . . .
Yaw . . . . . . . . . . . . . . . . . .

. I
.6 ~.- . . . . . . . . . ,

The angular velocity of the airplane -was determined from the slope of the kymograph
curve with the appropriate scale corrections. For example, the film speed was 0.024 inch per
second and 1° =0.029 inch, which for a slope of 1 in 1.05 would give:

1.05 0.029
1

—= 1.2° per second.
‘0.024

The average argular velocity is about. the same for aH of the airplanes, but it is about fiwice
as large in rolI as in pitch +md yaw and twice as large in bumpy as in smooth air.

The maximum an.@ar axcelerat,ion was founcI appro.ximately from the minimum radius
of eurvattie at each peak. This radius -was measured under the microscope, but due to the
width of the line may not be correct to better than 25 per cent. The anadar acceleration in
degrees per second’ can readily be found from the expression:

where a is the time sctie.
b is the an.@ar scale.

and T is the radius of cuwature.
The anmwhr acceleration in roll is much larger than in pitch or yaw, and it may reach

10°/sec.z in bumpy air. This is about 0.2 radian/sec2 and is equril to a sudden movement of the
ailerons thro~~h 20 angle at 80 miles per hour.
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CONCLUSIONS.

FOR AERONAUTICS.

The following fficts are brought out by an examinatim of the li~mo:raph records:
(1) The average amplitude in degrees from the mean is:

(2) The average periodic motion may be considered as divided into une of hut 10 seconds’
period due to the airplane and to one of about 3 seconds’ period due to the nir shwcturc or wnn-
bination of the air structure and airplfine. In smooth air the long period predomil~atw, find the
short one is indeterminate. In bumpy air the long period is m,askeci am? the short pwiod is
prominent and varies in frequency directly as the air speed.

(3) The average angular velocity in degrees per second is:

Air contrition . . . . . Smooth.! Bumpy.

— .
I

(4) The average wgular acceleration i]l degre~ I}er second, per second is:

1

I Air wmlition .. ...! SmOoth. , Bumpy. ~

—.


